IntrODuCtIOn
The age-adjusted incidence of ovarian cancer in Australia is about 25% higher than estimated worldwide, similar to rates for Western Europe, and lower than for other populations classified in GLOBOCAN as 'more developed' (eg, the UK and North America). 1 The pattern of ovarian cancer mortality is similar, with the Australian rate exceeding the world estimate by 19%, but lower than for other 'more developed' countries. 1 About 1580 Australian women are diagnosed with ovarian cancer and around 1050 women die from it each year. 2 3 Australian data show a reduction in age-standardised ovarian cancer incidence of approximately 14% since 1982 when national incidence data were first collected, and a mortality reduction of 19%. 2 3 Mortality reductions have also been reported during the last 20 years in North America, Europe, South America and Japan. 4 By comparison, trends in recorded incidence have been inconsistent, potentially due to differences in imaging practices, other diagnostic technology and changes in the use of oral contraceptives and menopausal hormones. 5 Clearly, there are many factors since 1982 that could have affected incidence and mortality trends, among them, prevalence of obesity, changes strengths and limitations of this study ► The study demonstrates the added value of hospital registries in providing: key prognostic and treatment data not available in Australian population-based registries and local data for local hospital service monitoring and evaluation. ► The usefulness of this hospital-registry model for more remote and smaller hospital settings is untested. ► In view of the more limited specialist support available for care in many of these settings, additional testing is indicated for these hospitals.
Open access in surgery and chemotherapy, use of hormone replacement therapy, tobacco smoking, reproductive history and use of contraceptive pills. [4] [5] [6] In Australia, 5-year survival increased from 34% in 1984-1988 to 44% in 2009-2013. 3 6 Similar trends have been reported by the USA Surveillance, Epidemiology and End Results Programme (SEER), indicating a 47% 5-year survival for [2007] [2008] [2009] [2010] [2011] [2012] [2013] . 7 Survival increases have been attributed to a greater emphasis on debulking and use of adjuvant platin and taxane-based therapies. 8 Predictably stage at diagnosis is a key determinant of survival, with SEER data indicating a 5-year relative survival of 93% for localised disease, 73% for regional spread and 29% for women with metastatic disease. 7 Although treatment may have contributed to increased survival in Australia, this cannot be verified with population-wide data which lack information on stage at diagnosis, other prognostic indicators and treatment. 6 Treatment and risk-adjusted survival data are also lacking for most local clinical settings, which reduces capacity for local evaluation.
This study uses hospital-registry data from major hospitals in South Australia that include stage, grade and treatment. A previous benchmark study at these hospitals in [1984] [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] showed that approximately 90% of ovarian cancers had surgery in their primary course of care and 71% had systemic therapies. Combination surgery and adjuvant systemic therapies were provided to 66%, whereas 6% had systemic therapy only. Only 5% had radiotherapy. 9 Updated data are presented now for these same hospitals covering diagnostic years up to 2015 and trends are explored by sociodemographic and tumour characteristics.
Our expectation, based on USA SEER data, is that stage-adjusted survivals would have increased during 1984-2015 and that survival for all stages combined would be similar to survival for Australia overall and the USA. 3 6 7 We expect surgery and systemic therapies to remain the most common treatment choice, particularly for younger women, and for those diagnosed with local and regional disease, with a trend towards more extensive surgery and increased use of combined platin and taxanebased therapies. 8 The principal objective in this study is to assess the added value of hospital-registry data as a complement to population-based data for local hospital review. 9 With these hospital-registry data, clinicians can review disparities in treatment uptake across their patient groups and consider possible causes and solutions.
MethODs
The South Australian hospital-registry network was established in the 1980s, covering four major metropolitan hospitals that treated 60% of ovarian cancers diagnosed in South Australia during the present study period. 9 These registries are authorised under Section 64, Part 7 of the South Australian Health Care Act (2008) to collect data on the quality and outcomes of care. 9 10 The four hospitals included South Australian major teaching hospitals. All used multidisciplinary teams located at these major public hospitals for treatment planning and evaluation.
This study included the 1596 invasive epithelial cancers of the ovary, fallopian tube and peritoneum diagnosed at study hospitals in 1984-2015. Patients were classified by: age at diagnosis; postcode-derived Socio-Economic Indexes for Areas index of relative socioeconomic disadvantage; geographic remoteness ('low' referring to major city areas and the remaining country areas divided arbitrarily into moderately remote and highly remote by Accessibility/Remoteness Index scores) and tumour characteristics (table 1) . 9 11 12 The Strengthening the Reporting of Observational Studies in Epidemiology cohort reporting guidelines were used in this study. 13 Anatomic primary site was coded using C56/57.0/48.1/48.2 codes of the International Classification of Diseases for Oncology, V.3 (ICD-O-3). Epithelial cancer data were extracted using ICD-O-3 codes for serous, mucinous, endometrioid, clear cell, other adenocarcinomas (not otherwise specified) and unknown epithelial lesions.
First-round treatment was defined as treatment following diagnosis, generally within 6-12 months. Treatment was classified as surgery (except when for diagnostic purposes only)-specified as unilateral salpingo-oophorectomy, bilateral salpingo-oophorectomy, hysterectomy, omentectomy, debulking and exenteration and according to whether systemic therapy and radiotherapy were provided.
Death data were extracted from official death files, and for deaths occurring outside of South Australia, from the National Death Index. 9 Causes-of-death were corrected when clinical data indicated this to be appropriate. 9 The extent of loss to follow-up of deaths has been checked previously through active tracing and comparison with external case series, and found to be minimal, with little effect on calculated survival. 9 12 14 Disease-specific survivals were derived in historic cohort analyses using Kaplan-Meier product-limit estimates, with censoring of live patients on 31 December 2015. 15 16 This method was preferred to relative survival because risks of deaths from competing causes could not be assumed to be equivalent to population norms (an underlying assumption for relative survival) due to referral of highrisk patients (including those with extensive comorbidity) to these major hospitals. Population-based data show disease-specific survival, based on South Australian registry coding, to be a good proxy for relative survival, for example, a 1977-2003 study gave survival estimates for ovarian cancer of 36% at 5 years and 31% at 10 years, both for relative and disease-specific survival. 17 This validation is important because cause-specific survival has been shown in other settings to be affected by variations in cause-of-death coding. 18 Cox proportional hazards regression was used to analyse differences in disease-specific survival by demographic Open access and clinical characteristics. This was undertaken using the same follow-up period and censoring rules as for the Kaplan-Meier analyses. 15 16 Assumptions underlying multivariable Cox regression analyses, including proportionality (tested using Schonfield's residuals) and lack of co-linearity, were met. Results were very similar when missing values were filled using multiple imputation, when complete case analysis was substituted and when the Cox analyses were replaced by competing risk regression. 15 16 First-round treatment was analysed by person and tumour characteristic using the Pearson's χ 2 statistic or Mann-Whitney U test, depending on whether variables were binary, multinominal or distributed on an ordinal scale. 15 16 In addition, unadjusted and multivariable logistic regression were used. 15 16 Multivariable analyses were also undertaken to assess whether hospital site was predictive of outcomes and whether there was evidence of clustering and effect modification by hospital. 16 For example, when individual hospital sites were included in the proportional hazards regression model as dummy variables, they were not significant predictors (p>0.400), nor did adding them affect the coefficients for other predictors. This was not unexpected. These public hospitals are part of the one South Australian Cancer Service, which provides a central coordinating role. All have access to common clinical guidelines and standards, and clinicians frequently moving between them. Also, clustering by hospital was not suggested when employing multilevel mixed-effect modelling by regarding the data as nested by hospital site, and by testing the clustering effect by hospital using the variable for hospital as the random effect.
Patient and public involvement
The development of the registry and its workplans has had substantial patient and consumer involvement through a formalised planning and monitoring process.
Ongoing workplans and operations are monitored and reviewed by funders, including the Cancer Council South Australia, which contributes through the Beat Cancer Project. Specialist clinics identify topics for review, of which some are based on/prompted by the questions raised by their patients.
The use of the registry for this study was approved by the Department of Health Research Ethics Committee and University of South Australia, both with active consumer involvement, thus providing another layer of public and consumer input.
This study involved the use of routinely collected registry data specifically authorised under state law and planned by clinical experts and consumers.
Participants all attended specialised gynaecological oncology clinics with whom we work. We work with these clinics in developing consumer messages for distribution to their patients and other relevant stakeholder groups. results stage International Federation of Gynecology and Obstetrics (FIGO) stage was recorded for 94% of patients and distributed as follows: IA-14%; IB/C-9%; IIA-2%; IIB/C-8%; IIIA-21%; IIIB/C-25% and IV-21%. B and C subcategories were combined due to less specific coding in the earlier years. Stage distributions did not differ by diagnostic period (Spearman's p=0.660).
survival Survival was 48% at 5 years and 41% at 10 years during 1984-2015 (table 1) . Survival percentages reduced with: (1) increasing stage (p<0.001); (2) higher tumour grade (p<0.001) and (3) older age at diagnosis (p<0.001). There was the indication of higher survival for women aged 80+ than 70-79 years, but this was not statistically significant (p=0.236).
Survival percentages varied by histology type (p<0.001)-higher 5-year survival for endometrioid (78%), clear cell (68%) and mucinous (65%) adenocarcinomas than for adenocarcinomas not otherwise specified (38%) and serous adenocarcinomas (42%). Survival did not vary by diagnostic period (p=0.687), geographic remoteness (p=0.176) or socioeconomic disadvantage (p=0.364).
Multivariable analysis confirmed a lower survival with: (1) increasing stage-HR (95% CIs) increasing to 7.38 (5.06 to 10.77) for stage IV compared with stage IA; (2) higher grade-HR increasing to 2.33 (95% CIs 1.60 to 3.40) for poorly or undifferentiated compared with well-differentiated lesions and (3) older age at diagnosis-HR increasing to 1.87 (95% CIs 1.28 to 2.73) for 70-79 years and 1.63 (95% CIs 1.08 to 2.46) for 80+ years women compared with <40 years (table 1) .
Endometrioid adenocarcinomas had the lowest adjusted HR of 0.62 (95% CIs 0.45 to 0.86) compared with serous adenocarcinomas as the reference. By comparison, non-specified adenocarcinomas had a higher adjusted HR at 1.20 (95% CIs 1.03 to 1.40). Notably, a downward gradient in HR was evident to a low of 0.75 (95% CIs 0.57 to 0.98) for 2010-2015 compared with the 1984-1989 diagnostic period.
The geographic measures of remoteness and socioeconomic status did not show survival gradients (table 1) .
Any treatment
Overall, 95% of patients were recorded as receiving some treatment for their cancer (ie, surgery, radiotherapy and/ or systemic therapy). The percentage decreased with: age (p<0.001) and increase in stage (p<0.001). Differences were evident by histology type (p<0.001), with the treated percentage varying from 99% for endometrioid and clear cell adenocarcinomas to 89% for non-specified adenocarcinomas. Differences were also observed by tumour grade (p<0.001, with the treated percentage reducing with higher grade. By comparisons, differences were not observed by socioeconomic status (p=0.113),
Open access
Adjusted analysis, including all variables in table 1 as predictors of treatment, confirmed a decrease in OR of being treated with increasing age, advanced stage and non-specified compared with serous adenocarcinomas, but these differences were not statistically significant (p>0.200). Differences were not found by tumour grade, socioeconomic status, geographic remoteness or diagnostic period.
surgery Approximately 87% of patients had surgical treatment (table 2) . This percentage reduced with: (1) increasing stage (p<0.001); (2) higher tumour grade (p=0.021) and (3) older age at diagnosis (p<0.001). A difference was also found by histology type (p=0.002), with the highest surgical coverage relating to endometrioid (99%) and clear cell (95%) adenocarcinomas, followed by serous (92%), mucinous (90%) and non-specified adenocarcinomas (69%). The percentage having surgical treatment did not vary by diagnostic period (p=0.986), geographic remoteness (p=0.507) or socioeconomic status (although approaching statistical significance (p=0.058)), with an unadjusted OR of 1.55 (95% CI 1.01 to 2.39) for the highest versus lowest socioeconomic category.
A trend towards more extensive surgery was evident. In the 1990s, about 37% had debulking or exenteration, whereas this proportion increased to approximately 71% by 2010-2015. There was also a trend towards greater use of adjunctive systemic therapy for surgical cases, with the percentage having this therapy increasing from 64% in the 1990s to 73% in 2000-2015. Of surgical cases having systemic therapies, about 9% were neoadjuvant and 91% were adjuvant in the 1990s, compared with 17% and 83%, respectively for 2000-2015.
Multivariable analysis confirmed the lower OR for surgery with: (1) increasing stage and (2) older age at diagnosis (table 2). The OR for surgery was confirmed to be low for non-specified compared with serous adenocarcinomas as the reference at 0.28 (95% CI 0.17 to 0.45).
Geographic measures of residential remoteness showed a reducing OR for surgery with increasing remoteness, reaching 0.49 (95% CI 0.24 to 0.99) for the most compared with least remote category. By comparison, a difference was not seen by level of socioeconomic disadvantage (table 2) , where the unadjusted higher OR for high versus low socioeconomic status was largely explained by stage. Differences were evident in percentages exposed to systemic therapy by: histology type (p<0.001)-a comparatively high proportion had systemic therapy for serous adenocarcinomas (84%) and a low proportion for mucinous lesions (50%); stage (p<0.001)-a relatively low proportion of stage IA cases had this treatment (33%) compared with stages IB/C-IV (68%-87%) and grade (p<0.001)-an increasing proportion of patients with lower levels of differentiation having systemic therapy. (table 4) . Differences were not observed by geographic remoteness (p=0.600) or socioeconomic disadvantage (p=0.750).
Of patients treated with systemic therapies in 1984-1998, 65% had a platin-based therapy, 64% had cyclophosphamide and 5% had doxorubicin. Systemic therapy types changed over time towards a greater use of carboplatin and paclitaxel; by 2010-2015, around 91% of those treated with systemic therapies had carboplatin and 67% had both carboplatin and paclitaxel. Conversely, use of cyclophosphamide was no longer a treatment of choice.
Adjusted analyses confirmed the low OR of systemic therapy for patients aged 80+ years at 0.07 (95% CI 0.03 to 0.15) compared with <40 years as the reference. Compared with serous adenocarcinomas, the OR for this therapy was low for mucinous lesions at 0.40 (95% CI 0.23 to 0.69) and non-specified adenocarcinomas at 0.63 (95% CI 0.42 to 0.95). The challenge of finding ovarian cancers earlier appears not to have been met, despite extensive attempts through use of vaginal ultrasound, cancer antigen 125 and other methodologies. 20 Consistent with upward trends in survival for Australia 2 6 and the USA, 7 an increase in survival was observed in this study, with adjusted HRs reducing to 0.75 (95% CI 0.57 to 0.98) for 2010-2015 compared with the 1984-1989. While there was the indication of an increased proportion of patients receiving systemic therapies, the trend was inconsistent. It is possible that the increase in survival reflected the use of more aggressive debulking surgery and of carboplatin and taxane-related chemotherapies. 8 Local clinicians also report an increased use of neoadjuvant chemotherapy followed by interval debulking surgery for patients with extensive disease, comorbidities or advanced age. 21 While targeted therapies, such as bevacizumab, are likely to lead to improved outcomes, these were not in general use for ovarian cancer in Australia during the 1984-2015 study period.
Generally, differences were not found in survival and treatment practices by geographic remoteness and socioeconomic disadvantage, suggesting equity in service delivery. Surgery was an exception, where the odds of this treatment were lower in highly remote areas (up to 1300 km from specialised treatment centres), which likely reflects access issues.
Older patients had a much higher risk of death from these cancers, probably reflecting increasing frailty and comorbidity, and less intensive treatment (eg, a lower exposure to surgery). The issue of trading off therapeutically the most ideal cancer treatment against patient frailty is a complex issue where more trial and observational research evidence is needed.
Survival by histology type was consistent with previous reports. Recent Canadian data indicated higher survival for endometrioid than serous adenocarcinomas. 22 Also, we found intermediary survival for mucinous lesions, as reported previously. 23 While histology type was associated with type of clinical management, these associations may be largely indirect, reflecting correlations of histology type with bulky nodes or other clinical factors of relevance in treatment planning. 24 The higher survival for endometrioid cancers was partly but not fully explained by stage and grade. This may relate to their biology, although this is not well-defined. Different causal factors and promoters also seem to be involved with these cancers, with oestrogenic factors playing a stronger role. 25 Artificial factors are also possible, including changes in recording of histology type depending of pathologist specialisation.
The present data show treatment differences and trends consistent with clinical guidelines, 24 including a greater use of surgery for local and regional than disseminated cancers where opportunities for surgical removal would have been limited. Patients not receiving surgery tended to be older where higher levels of frailty and comorbidity would be expected.
By comparison, systemic therapies were used more frequently for more advanced cases. A trend was apparent for increased use of systemic therapy in 2000-2015 than for earlier diagnostic periods. Again, adjusted analyses indicated that where systemic therapy was not used, patients more often were aged 80+ years where comorbidity would have been more prevalent and life expectancy shorter independently of the cancer. Radiotherapy was seldom used (applying to only 4% of patients in 2010-2015), which is consistent with guideline recommendations. 24 In this study, hospital-registry data enabled a greater depth of analysis and greater clinical insights than was possible with population-based registry data that generally exclude data on stage, other prognostic and treatment characteristics. Ideally, hospital-registry data would be extended to cover the entire population, as in Sweden. 26 Increased interest exists in recording cancer stage in population-based registries and linking these data to inpatient and health insurance treatment data in Australia. 27 The potential also exists to transfer other prognostic data electronically to registries from structured (synoptic) pathology reports. 28 These population-based registry extensions are still at an early research and development phase and are yet to include ovarian cancers. Hospital-registry data will be valuable, where they exist, to validate these emerging population-based data, and to add value with additional clinical detail.
By comparison, population-based data will have greater geographic reach and include larger numbers of Aboriginal and ethnically diverse women, enabling greater statistical power. The data could be broadened to include comorbidity data to investigate effects on treatment and survival. 28 Although the roles of population-based and hospital -registries would differ across populations, they have important complementary contributions to make.
This present study illustrates the added value of hospital-registry data for summarising prognostic and clinical management characteristics in local hospital environments and survival outcomes. While more detailed data have been published in special studies based on Open access medical-record review, and have contributed significantly at a population level, 29 30 the present hospital-registry data are complementary in providing a longer view of trends in management and outcomes for specific hospital settings. COnClusIOns 1. Results show the value adding of hospital-registry compared with population-basedregistry data for assessing local service delivery and outcomes. 2. The equivalent survival outcomes at study hospitals to Australia-wide and USA SEER survival, and the temporal gains observed after adjusting for stage and other patient characteristics, are reassuring. 3. Stage distributions are advanced and have not improved at study hospitals over time, underscoring the need for improved detection of preclinical markers and of early invasive disease. 4. Survival gains may reflect therapeutic benefits, potentially more extensive surgery and improved chemotherapy regimens. Increased debulking for local disease and systemic therapy for widespread disease align with guidelines and may explain these survival gains. Means of further supporting access to the latest treatments and guideline implementation may be indicated. 5. Generally, inequalities in outcomes and systemic therapy provision were not observed but the lower exposure to surgery of residents of remote rural areas (adjusted) and of the lowest that highest socioeconomic status (unadjusted), raises the question of service barriers. This requires further investigation and remedial action. 6. Older women have less surgical treatment and a lower survival. More research is needed to facilitate complex trade-off decisions between therapeutically ideal cancer care and raised levels of comorbidity and frailty. 7. Hospital-cancer registries complement population-based registries for evaluating local health-system activity and survival. They have an important contribution to make in cancer control.
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